In fish farming, nutrition and haematology are critical. The former accounts for 70% production cost and the later determines an excellent health status of fish. Feeding trials were conducted in the laboratory for 12 weeks to evaluate the growth performance and haematological parameters of Clarias gariepinus fed varying levels of Chrysophyllum albidum seed meal (ASASM) as a replacement for maize in diets. The experimental diets were prepared using 0, 25, 50, 75 and 100% C. albidum seed meal to replace maize. The initial weight of the test organism was 28.6 g stocked in rectangular white plastic with 3 replicates for each treatment. The fish juveniles were fed at 5% body weight. In this study, growth performance, feed utilization and haematological parameters were determined. The mean weight gain (MWG), specific growth rate (SGR) and feed conversion ratio (FCR) were significant across the treatments following the direct relationship to inclusion levels (p<0.05). Protein efficiency ratio (PER) and total fish production were all significantly different across the diets (p<0.05). The reductions in PCV and other primary haematological variables (HB, RBC and TWBC) were significant at p<0.05 as the level of inclusion increased. The blood variables showed that the haematopoiesis of the test organism was positively influenced by ASASM; thus impairing blood production. The increase incorporation of African star apple seed meal (ASASM) was stressful to the experimental fish. There is need to further study the phytochemical factors and trials for suitable processing method to justify the targeted economic gains without compromising the health status. Key word: Red blood cell, experimental diets, catfish, feed ingredients, African star apple seed meal (ASASM).
INTRODUCTION
Aquaculture is the surest alternative in bridging the existing gap between fish supply and demand. Presently, aquaculture has kept a global growth and is expected to increasingly fill the shortfall in aquatic food products (Prabu et al., 2017) . As the World's population is rapidly expanding, it is important to provide safe and nutritious fish; however there are many issues related to fish nutrition that need to be considered in order to achieve balance in food production and sustainability. Sustainability of the aquaculture industry is an environmental, economic and social concern (Hixson, 2014). Ajani et al. (2011) reported that, fish feeds *Corresponding author. E-mail: matdokun@gmail.com.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License constitute 70% of the total cost of aquaculture production which is expensive and led to extensive studies on replacing a costly fish meal in the diets. Growth performances and survival of aquatic organisms can be influenced by the development of nutritionally balanced commercial diets. Protein is the major concern during formulation of fish feed. It is the most expensive for fish feed and the most important factors that contributing to the growth performance of cultured species (Deng et al., 2011) .
Food is a major requirement for all living organisms including fish for reproduction, growth and maintenance. All organisms feed to survive. They maintain their normal body physiology and derive strength to move and grow from feed. Well-fed animals are normally energetic and vibrant. They have good rate of development and excellent body features such as bright appearance and shiny skin (Akintomide et al., 2008) . Fish feed consists of natural food and artificial feeds. The natural and artificial feeds are important in aquaculture in order to promote body building or development and high yield particularly under intensive fish culture system where the essential nutrients are supplied in complete feed. The value of supplementary feed depends on composition and the digestibility of the individual feed ingredient (Kirchgessner et al., 2006) . Feeds in aquaculture are formulated with a balance of nutrients in order to meet specific nutrient requirements for different species, life stages and other purposes. The digestibility of nutrients in the feed can affect aquaculture production efficiency and impact the environment. The bioavailability or digestibility of the diet is the proportion of nutrients in the feed that is digested and absorbed by the fish (Hixson, 2014) .
When fish have balanced diet to eat, they grow fast and healthy. Manufactured feed should be able to meet nutritional requirement of the stock in a conferment in terms of quality and quantity to be expended at regular interval (Eyo, 2004) .
Carbohydrates are used in fish diet primarily as energy source and for their binding properties. It can be added in excess of the amount that can be efficiently utilized for energy by the fish. Carbohydrates provide the cheapest energy source for animals. Dietary carbohydrates, such as dextrin and starch, are better utilized by fresh and warm-water fishes than cold-water and marine when extruded under high temperature and pressure to reduce the molecular complexity (Akintomide et al., 2008) . They are important in feed gelatinization for proper binding (feed stability in water) and floating feed production (Akintomide et al., 2008) . Fish species differ greatly in their ability to digest carbohydrates; this variability reflects anatomical and functional differences of the gastrointestinal tract and associated organs. Even within fish species we find carbohydrate content of diets vary substantially (Akintomide et al., 2008) . This work focuses on the growth performance and haematological parameters of C. gariepinus juveniles fed with African Star Apple (Chrysophyllum albidum) seed at varying inclusion levels as source of energy.
MATERIALS AND METHODS

Experimental fish and design
The experiment was carried out in the research and training fish farm center of OYSCATECH Igboora, Nigeria. The fish Clarias gariepinus was obtained in the College, acclimatized for three days in the rectangular white plastic. The experiment was set up in a completely randomized design (CRD) with five treatments replicated three times each as diet 1 control (0%) African Star Apple seed meal (ASASM), diet 2 (25%) ASASM, diet 3(50%) ASASM, diet 4 (75%) ASASM and diet 5 (100%) ASASM. The test organism of average weight of 28.6 g was distributed randomly and accordingly to the treatments containing different inclusion levels of ASASM. Each plastic had stocking density of ten (10) juveniles totaling one hundred and fifty (150) juveniles for fifteen (15) plastics. Fish were weighed using a portable electric balance of OHUAS-LS-400 g and the initial weighing was carried out after 3day of acclimation.
Experimental design
The experiment was carried out in duplicates in ten plastic bowls for a period of twelve (12) weeks. Level of water in each bowl was maintained at 15 L and the water was changed daily to maintain its quality parameters throughout the experiment.
Collection and preparation of African star apple seed meal (ASASM)
African star apple (Agbalumo) was purchased at the Oje market in Ibadan. The seed was removed from the pulp; the seed was brownish in color. The cotyledon was then removed by breaking the seed-coat gently. The seed was spread in sun to dry. After drying, the seed was ground to powder before inclusion into fish diets Plates (1-3).
Diets preparation and feeding trial
The feedstuffs were purchased from Ibadan Oyo State. The diets were formulated for the experiment using the Pearson square method. The diets contained 0, 25, 50, 75 and 100% inclusion levels of ASASM. The feed stuffs were grounded and mixed thoroughly with hand ( Alatise et al., 2014) . The percentage composition of the experimental diets is shown in Table 1 . Fish were subjected to two feeding regimes a day between 7:00-9:00 am and 7:00-8:00 pm at 5% body weight. Pellets were spread by hand to air dry and feed given was adjusted weekly after weighing.
Measurement of growth parameters
The growth parameters according to the method described by Olvera-nova et al. (1990) were used as follows: Nitrogen Free Extract (NFE) = 100-(crude protein+ crude lipid+ crude fibre+ total ash). Gross energy: Caloric value of protein 5.65, NFE 4.1 and lipid 9.45 kcal g -1 (NRC, 1993) . Digestible energy: caloric value of protein 3.5, NFE 2.5 and lipid 8.1 kcal g -1 (Brett, 1973) and reported by Alatise et al. (2014) and Prabu et al. (2017) .
Statistical analysis of data
One way analysis of variance (ANOVA) was used to determine the effect of diets on growth and nutrients utilization parameters using 15.0 version of SPSS (1999) statistical package. The Duncan's Multiple Range Test was used to determine the difference between the treatment means. The alphabetical notation was used to mark the differences at significant level of an alpha 0.05 (Alatise et al., 2014) .
Water quality management
Water quality was monitored every week throughout the feeding experiments. Water temperature ( o C) and hydrogen ion concentration (p H ) were measured daily with a combined digital pen-type meter while the dissolved oxygen (mg/l) was measured using the Winkler's method and conductivity by a digital conductivity meter (APHA AWWA WPCF, 1999).
RESULTS AND DISCUSSION
The proximate composition of African star apple seed meal based diets (Table 2) shows that there were significant variations in the protein level of the different experimental diets. However, while moisture, fiber and fat were observed lower in D2, D3, D4 and D5, protein and ash were on the other hand highest in D5 (79%) and D2 (1.4), respectively, while diet 4 had lowest protein (69.10%) and ash (1.00) values. The crude fat decrease as incorporation increased, while NFE ranged from 18.40 to 1.5 in diets 4 and 5 respectively. Diets 1, 4 and 5 had the highest value (1.5%) of crude fibre, followed by diets 2 and 3 (1.00%). The moisture content of the ASAM based diets decreased with increased in inclusion level as it ranged from 1.2% in diet 1 to 0.6% in diet 5. This result agrees with the findings of Fagbenro et al. (2010) who reported significant difference (p<0.05) between fish fed controlled diet and raw sunflower and sesame seed meal based diets at 45% inclusion levels. The gross energy value ranged from diet 4 (560.36 kcal/g) to diet 1 (633.39 kcal/g) and digestible energy value also ranged from diet 4 (368.85 kcal/g) to diet 1 (444.68 kcal/g). The result of body composition showed that the use of Proximate composition of C. gariepinus juveniles' carcass before and after feeding trials (Table 3) showed variations in crude protein contents. The higher CP in D1 and D5 indicates that the test organism efficiently utilized the diets. This study disagrees with the findings of Srirangam (2016) , who reported that duckweed/ soya bean fed test diets had no significant effect on the quality of whole body values of fish (grass carp). The lower CP in fish fed ASASM may be due to the presence of phytochemical factors which might have accounted for poor utilization of the feed intake. This discovery agrees with the findings of Christine et al. (2018) who reported that, low CP in fish fed duckweed diets may be due to the presence of fiber in the duckweed. Table 4 shows the growth response, nutrient utilization and survival of Clarias gariepinus fed ASASM based diets. The mean weight gain of 11.9 g in fish fed 0% ASASM along with 100% maize meal (Control), followed by diets 5 and 4, and lowest mean weight gain was observed in diet 2 containing 25% ASASM along with 75% maize meal. There was significant difference (p<0.05) between the mean weight gain across the dietary treatments. The specific growth rate of 0.41%/day was highest in fish fed control diet and the lowest specific growth rate of 0.02%/day was observed with diet 2. Diets 2 (0.02%/day), 3 (0.05%/day), 4 (0.12%/day) and 5 (0.13%/day) were significantly different in specific growth rate. The best food conversion ratio of 1.2 was recorded in control diet, followed by diet 2 (2.40) with significant difference (p<0.05) between the food conversion rations of diets 2, 3, 4 and 5. The significant difference (p<0.05) for protein efficiency ratio assumed the same trend pattern for SGR and FCR across the dietary treatments. The PER, FCR and SGR reduced with increased in the inclusion level of ASASM based diets. The mean total fish production of 0.81kg was highest in fish fed diet 1, followed by diet 5(100%) ASASM and the lowest mean total fish production of 0.46 kg was observed with diet 2 containing 25% ASAM. There was significant difference (p<0.05) between the mean total fish production. There were significant variations in both growth and feed utilization indices. FCRs of 1.5 to 2.0 are considered "good" growth for most species, FER is simply the reciprocal of FCRs (1/FCR)Increasing inclusion levels of ASASM in fish diets resulted in decreased (p<0.05) feed consumption, mean weight gain and increased poor FCR, PER and SGR. This finding agreed with the reports of Annongu et al. (2017) that increasing levels of the raw kernel meal in the broiler's diets resulted in decreased feed consumption, body weight gain and undressed and increased poor FCR observed in the chicks. Also poor FCR and FER in this study disagrees with the findings of Alatise et al. (2014) , who reported better utilization of feed formulated with Jathropha seed meal fed with C. gariepinus Juveniles. The findings further corroborate the reports of Igile (1996) that phytochemicals elicit toxic Table 5 . Diseases and inadequate growth can be prevented by eating the right foods which are fueled by chemical substances in these foods called nutrients (Worthington, 2008) . Also, the analysis of blood is an important factor that can be used in fish feed assessment. Hence, the evaluation of the change in blood corpuscles is a good tool in determining the health status of fish (Ajibade et al., 2013; Omitoyin and Ajibade, 2014) .
Generally, in the present study, the haemoglobin (HB), packed cell volume (PCV) and total white blood cell count (TWBC) decreased as the level of incorporating of C. albidum increased in the formulated diet compared to control diets. These reductions were significant compared to the control diet. 100% C. albidum diet was not ideal for the experimental fish because it recorded the highest reductions of the primary haematological variables (HB, RBC and TWBC). Comparatively, a reduction in haemoglobin level in the blood of fish is a risk to its ability to transport oxygen and ultimately adequate respiration (Joshi et al., 2002; Omitoyin, 2006; Ajibade et al., 2013) . A significant decrease in red blood cell count increasing progressively with increase in inclusion level of C. albidum meal in the diet of C. gariepinus, tends toward anaemic effect by encouraging erythrocytes destruction or hindering erythrocyte products (Joshi et al., 2002; Omitoyin and Ajibade, 2014) . The red blood cell (RBC) and PCV trend values of the haematological parameters showed that the ASASM positively affected haematopoiesis, thus prejudicing blood production.
The current study observed a significant decrease in TWBC count which indicates a zero chance of stimulation of the animals' defensive mechanisms. Hence a rare chance of invasive bodies allowed malfunctioning of organs (Spleen and Kidney) in the studied fish fed C. albidum meal. A reduced level of TWBC supports a low resistance in the concern organism and indicates malfunctioning of organs (Nair et al., 2000; Omitoyin, 2006) . Furthermore, a relative stability was recorded for the Lymphocytes and Heterophils as a subunit of TWBC during the differential count, except when feeding with diet one (25% C. albidum meal). The larger values recorded for lymphocytes and heterophils were indicative of higher contribution to the fluctuations (reduction) in TWBC count than other sub-units (Eosinophils, Monocytes and Basophils).
Conclusion
In fact, nutrition is the heart of aquaculture and one area to focus on by aquaculture industry. Nutrition and feeding influences the growth, reproduction and health performances of fishes and their response to physiological and environmental stressors and pathogens. Specific growth rate, food conversion ratio and feed efficiency ratio in this study did not reflect effective utilization of the total feed intake. The increase in incorporation of C. albidum meal into the diet of C. gariepinus was stressful to the experimental fish. Hence, suggesting the need to study the anti-nutritional factors and trials for suitable processing method to justify the targeted economic gains for incorporation in fish diet without trading away with an excellent health status.
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